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ABSTRACT
 This report summarizes the second-year accomplishments of a three-year program to investigate the 
geologic controls of hydrocarbon occurrence in the southern Appalachian basin in eastern Tennessee, 
southwestern Virginia, eastern Kentucky, and southern West Virginia.  The project: (1) employs the 
petroleum system approach to understand the geologic controls of hydrocarbons; (2) attempts to 
characterize the T–P parameters driving petroleum evolution; (3) attempts to obtain more quantitative 
deﬁnitions of reservoir architecture and identify new traps; (4) is working with USGS and industry 
partners to develop new play concepts and geophysical log standards for subsurface correlation; and (5) 
is geochemically characterizing the hydrocarbons (cooperatively with USGS).
 Second-year results include:  All current milestones have been met and other components of the 
project have been functioning in parallel toward satisfaction of year-3 milestones.  We also have been 
effecting the ultimate goal of the project in the dissemination of information through presentations at 
professional meetings, convening a major workshop in August 2003, and the publication of results.  Our 
work in geophysical log correlation in the Middle Ordovician units is bearing fruit in recognition that 
the criteria developed locally in Tennessee and southern Kentucky have much greater extensibility than 
anticipated earlier.  We have identiﬁed a major 60 mi-long structure in the western part of the Valley and 
Ridge thrust belt that is generating considerable exploration interest.  If this structure is productive, it will 
be one of the largest structures in the Appalachians.  We are completing a more quantitative structural 
reconstruction of the Valley and Ridge than has been made before.  This should yield major dividends 
in future exploration in the southern Appalachian basin.  Our work in mapping, retrodeformation, and 
modeling of the Sevier basin is a major component of the understanding of the Ordovician petroleum 
system in this region.  Prior to our undertaking this project, this system was the least understood in the 
Appalachian basin.  We have made numerous presentations, convened a workshop, and are beginning 
to disseminate our results in print.
 This project, in contrast to many if not most programs undertaken in DOE laboratories, has a major 
educational component wherein three Ph.D. students have been partially supported by this grant, one 
M.S. student partially supported, and another M.S. student fully supported by the project.  These students 
will be well prepared for professional careers in the oil and gas industry.
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INTRODUCTION
 The purpose of this report is to summarize the activities and results for the ﬁrst two years of the project 
“Geologic controls of hydrocarbon occurrence in the southern Appalachian basin in eastern Tennessee, 
southwestern Virginia, eastern Kentucky, and southern West Virginia,” DOE Contract Number DE-FC26-
02NT15341, emphasizing activities related to the second year.  We feel that we have made great progress during 
both years of this project and look forward to carrying it to completion during the third year (Fig. 1).
 The goals of this project, as originally stated, are: (1) to employ the petroleum system approach to help 
understand the geologic controls of hydrocarbon occurrence in the southeastern Appalachian basin; (2) to better 
characterize the P-T parameters for petroleum migration from the oil/gas window; (3) to obtain quantitative 
deﬁnitions of reservoir architecture and recognize new traps; (4) to work with the U.S. Geological Survey and 
industry partners to develop new play concepts; (5) to geochemically characterize hydrocarbons, mostly a U.S. 
Geological Survey effort; and (6) to disseminate results at professional meetings and in scientiﬁc journals.
 Regarding the ﬁrst goal, we have employed the petroleum system concept (Magoon and Dow, 1994) (Fig. 
2).  We clearly now better understand the interactive link between stratigraphy, structure, and hydrocarbon 
generation and migration at the oil-gas window to petroleum systems in this region as a result of our work and 
work by industry partners.  These results reinforce many of the original data on the location of the oil/gas window 
derived from Ordovician rocks, and the limits to petroleum and natural gas occurrence in this area (e.g., Epstein 
et al., 1977; Orndorf et al., 1988), but forthcoming USGS CAI data on the Mississippian rocks will permit better 
understanding of the thermal regime in three dimensions.  We have recognized several new reservoir types 
and potential reservoirs in the region, and identiﬁed a major structure that may be productive in the western 
Valley and Ridge of Tennessee (Whisner and Hatcher, 2003).  We also have identiﬁed a new fairway and plays 
beneath the Plateau of Tennessee and Kentucky, and possibly southern West Virginia.  We have developed new 
play concepts based on data that have existed for several decades here with the addition of new data that we 
have collected, all becoming part of our analysis.  We have made several presentations at professional meetings, 
including the Eastern Section of the American Association of Petroleum Geologists (Whitmer et al., 2003; Evenick 
and Hatcher, 2003), the Southeast-Northeast Section meeting of the Geological Society of America (Evenick et 
al., 2004; Whisner et al., 2004; Hatcher et al., 2004), and presentations at the Tennessee Oil and Gas Association 
annual meeting (no published abstracts).  Additional presentations are slated for the Eastern Section American 
Association of Petroleum Geologists meeting in Columbus in October 2004.  We have published one paper in 
the Oil and Gas Journal (Whisner and Hatcher, 2003), and have submitted another to the Tennessee Division of 
Geology for review and possible publication (Evenick and Hatcher, in review).
EXECUTIVE SUMMARY
 This report is summarizes activities and results for the ﬁrst two years of the project “Geologic controls of 
hydrocarbon occurrence in the southern Appalachian basin in eastern Tennessee, southwestern Virginia, eastern 
Kentucky, and southern West Virginia,” DOE Contract Number DE-FC26-02NT15341, emphasizing activities 
related to the second year.  The goals of this project are: (1) to employ the petroleum system approach to help 
understand the geologic controls of hydrocarbon occurrence in the southeastern Appalachian basin; (2) to better 
characterize the P-T parameters for petroleum migration from the oil/gas window; (3) to obtain quantitative 
deﬁnitions of reservoir architecture and recognize new traps; (4) to work with the U.S. Geological Survey and 
industry partners to develop new play concepts; (5) to geochemically characterize hydrocarbons, mostly a U.S. 
Geological Survey effort; and (6) to disseminate results at professional meetings and in scientiﬁc journals.  
 The project structure consists of several components and activities that are all directed by the PI, but are 
divided into responsibilities of the PI and several graduate students conducting applied and basic research. 
The Nashville (Trenton)-Stones River (Black River) geophysical log analysis component is being conducted by 
Ph.D. student Jonathan C. Evenick.  The pre-Chattanooga structure component is being carried out by RDH and 
Ph.D. student Jonathan Evenick, and derives information from both surface geologic data and the log analysis 
component.  We have achieved a major breakthrough in both the identiﬁcation of a new fairway and exploration 
model for exploration of the pre-Chattanooga Ordovician that should prove useful to the independent oil and gas 
companies for many years.  The structural reconstruction of foreland fold-thrust belt component, rapidly nearing 
completion by Ph.D. student Jennifer Whisner intends to better understand curved segments of foreland fold-thrust 
belts, the structure of the Tennessee salient, and foreland fold-thrust belt deformation in the southern Appalachian 
basin.  A major product of this component has been the rediscovery of the subsurface Eureka structure (Whisner 
and Hatcher, 2003) and publication of the Oil and Gas Journal article has created a large amount of interest in 
the Eureka structure.  The ﬁeld studies and basin analysis in the Middle Ordovician Sevier basin component is 
being conducted by RDH, Ph.D. student S. Christopher Whisner, and M.S. students John G. Bultman and Neil 
E. Whitmer.  Chris Whisner has been responsible for mapping part of and compiling the geology of the southern 
Tellico-Sevier basin, whereas John Bultman and Neil Whitmer have completed a transect of detailed geologic 
maps across the basin at its widest point in northeastern Tennessee.  Field-related activities are complete, and 
we are now involved in retrodeformation of the structure as a precursor of basin analyses.  This activity will 
enhance our ability to understand the dynamics of the Tellico-Sevier basin and its relationship to the platform to 
the west.  Collaboration and technology transfer have been an integral part of the study since its inception, with 
collaboration with the U.S. Geological Survey (Eastern Mineral Resources), and the Tennessee Division of Geology 
and Kentucky Geological Survey.  Since the ﬁrst year of the project the oil and gas associations of Tennessee and 
Kentucky, along with several independent petroleum companies, have been involved in collaboration.  We held 
a successful workshop on geophysical log correlation in the Ordovician section on August 7, 2003 in Knoxville 
attended by 38 people to enhance our technology transfer activities and to provide independent producers with 
Figure 1. Simpliﬁed geologic map of parts of Kentucky, Tennessee, North Carolina, 
Virginia, and West Virginia showing the major structures, geologic units, cities, and physiographic provinces.  The locations of the Eureka 
structure, Rose Hill ﬁeld, and Swan Creek ﬁeld are also shown.  Geology compiled and slightly modiﬁed from thegeologic maps of Ken-
tucky, Tennessee, North Carolina, Virginia, and West Virginia  published by the respective state geological surveys. 
our latest results.  A recent collaboration was begun with the Polish National Oil Company in May 2004 when 
RDH visited their ofﬁces in Warsaw to review their exploration program in the Paleozoic rocks of the subsurface 
Lublin basin to discuss the possibility of using Appalachian analogs to better understand the Lublin basin. 
 All current milestones have been met and other components of the project have been functioning in parallel 
toward satisfaction of year-3 milestones.  We also have been effecting the ultimate goal of the project in the 
dissemination of information through presentations at professional meetings, convening a major workshop in 
August 2003, and the publication of results.  Our work in geophysical log correlation in the Middle Ordovician 
units is bearing fruit both in recognition that the criteria developed locally in Tennessee and southern Kentucky 
have much greater extensibility than anticipated earlier.  We have identiﬁed a major 60 mi-long structure in the 
western part of the Valley and Ridge thrust belt that is generating considerable exploration interest.  If this structure 
is productive, it will be one of the largest structures in the Appalachians.  We are completing a more quantitative 
structural reconstruction of the Valley and Ridge than has been made before.  This should yield major dividends 
in future exploration in the southern Appalachian basin.  Our work in mapping, retrodeformation, and modeling 
of the Sevier basin is a major component of the understanding of the Ordovician petroleum system in this region.  
Prior to our undertaking this project, this system was the least understood in the Appalachian basin.  We have 
made numerous presentations, convened a workshop, and are beginning to disseminate our results in print.
 This project, in contrast to many if not most programs undertaken in DOE laboratories, has a major 
educational component wherein three Ph.D. students have been partially supported by this grant, one M.S. 
student partially supported, and another M.S. student fully supported by the project.  These students will be well 
prepared for professional careers in the oil and gas industry.
PROJECT COMPONENTS AND ACTIVITIES
Nashville (Trenton)-Stones River (Black River) Geophysical Log Analysis.  This component of the research is 
being conducted largely by Ph.D. student Jonathan C. Evenick, producing numerous very positive results that have 
impacted the successful completion of several project milestones.
Pre-Chattanooga Structure.  This component of the project is being conducted by RDH and Ph.D. student 
Jonathan Evenick and derives information from both surface geologic data and the log analysis component.  
We have achieved a major breakthrough in both the identiﬁcation of a new fairway and exploration model for 
exploration of the pre-Chattanooga Ordovician that should prove useful to the independent oil and gas companies 
for many years.  This exploration concept did not exist before, and should enhance the success of future wildcat 
and development drilling above the very low reported current 17 percent (for both).
Figure 2.  Ven diagrams showing the major components of the Ordovician and Devonian-Mississippian petro-
leum systems.
Structural Reconstruction of Foreland Fold-Thrust Belt.  This component, which is rapidly nearing completion, 
has been the domain of Ph.D. student Jennifer Whisner.  Her goal was to better understand curved segments of 
foreland fold-thrust belts, the structure of the Tennessee salient, and foreland fold-thrust belt deformation in the 
southern Appalachian basin.  A major product of this component has been the rediscovery of the subsurface 
Eureka structure (Whisner and Hatcher, 2003), which was probably known to several of the major oil companies 
when they explored this area in the 1980s, but was largely unknown to the independent oil companies that 
remain here today and explore this region.  Publication of the Oil and Gas Journal article has created a large 
amount of interest in the Eureka structure.  Reﬁnement of models for curved foreland fold-thrust belts, and the 
application of these models to hydrocarbon exploration, will be a major product of her 3–D modeling.
Field Studies and Basin Analyses in the Middle Ordovician Sevier Basin.  This component is being conducted 
by RDH, Ph.D. student S. Christopher Whisner, and M.S. students John G. Bultman and Neil E. Whitmer.  Chris 
Whisner has been responsible for mapping part of and compiling the geology of the southern Tellico-Sevier basin, 
whereas John Bultman and Neil Whitmer have completed a transect of detailed geologic maps across the basin 
at its widest point in northeastern Tennessee.  Field-related activities are complete, and we are now involved 
in retrodeformation of the structure as a precursor to basin analysis.  This activity will enhance our ability to 
understand the dynamics of the Tellico-Sevier basin and its relationship to the platform to the west.
Collaboration and Technology Transfer.  This has been a collaborative project with the U.S. Geological Survey 
(Eastern Mineral Resources) since its inception, along with the Tennessee Division of Geology and the Kentucky 
Geological Survey, and since the ﬁrst year of the project with the oil and gas associations of Tennessee and 
Kentucky, along with several independent petroleum companies.  We held a workshop on geophysical log 
correlation in the Ordovician section on August 7, 2003 in Knoxville to enhance our technology transfer activities 
and to provide independent producers with our latest results.  This workshop was attended by 38 professionals 
from independent oil companies, the state geological surveys of Tennessee and Kentucky, service companies, and 
a few graduate students.  We have continued to provide information to numerous companies and readily share the 
results of this project.  To maximize the dissemination of knowledge about our rediscovery of the Eureka structure, 
we published the Oil and Gas Journal article in the place where it would appear rapidly and quickly reach the 
largest industry audience.  
 A recent collaboration was begun with the Polish National Oil Company in May 2003. RDH visited their 
ofﬁces in Warsaw to review their exploration program in the subsurface Paleozoic rocks of the Lublin basin in 
eastern Poland (Hooper et al., 2002).  The purpose was to discuss the possibility of using Appalachian basin and 
foreland fold-thrust belt analogs to better understand the Lublin basin.
Presentations and Publications.  Presentations at meetings have been outlined already in several places above and 
below, and our publications to date and in review also have been noted.
EXPERIMENTAL
Activities Listed in Proposal: Fracture analysis, thrust movement vectors, quantitative facies reconstruction, 
reservoir characteristics.
Additional Project-Related Activities: Subdivision of the Middle and Upper Ordovician stratigraphy (Fig. 3) by 
analysis of several thousand existing geophysical logs from the Plateau of Tennessee, southern Kentucky, and 
southwestern Virginia.  Structural analysis of published geologic maps and recognition of pre-Devonian-post-
Silurian deformation in the exposed ﬂanks of the Nashville dome that deﬁnes a new fairway and numerous plays 
in pre-Devonian rocks.  Field investigations in Middle Ordovician rocks in eastern Tennessee have begun to lay 
the foundation for revision of existing models of basin evolution and thus any shale-sourced hydrocarbons that 
may have formed as the basin matured.
RESULTS AND DISCUSSION
2003-2004 Milestones
(1) Thermal Models; (2) Reservoir Characterization; (3) 3-D Reconstruction; (4) Presentations; (5) Publications.
Completion of Milestone (1):  We have better delineated the distribution of the thermal oil/gas window 
relationships in the Ordovician rocks in this region.  U.S. Geological Survey, through new CAI (conodont 
alteration index) studies of Mississippian rocks, is constructing a thermal regime array for the Mississippian to 
compare with the Ordovician thermal structure delineated previously.  This will permit better understanding of the 
late Paleozoic thermal regime in 3–D.  These data should be available before the end of our project for additional 
analysis.
Completion of Milestone (2): We have made major strides toward reservoir characterization in this region by 
identifying a large subsurface structure that has no surface expression and have made this information available to 
the community (Whisner and Hatcher, 2003).  This structure is greater than 50 miles long, was drilled by ARCO 
during the 1980s, and there was both oil and gas in the Wright #1 hole.  The prospect was abandoned when the 
major oil companies decided not to undertake additional exploration in the Appalachian region.  Based on our 
work and rediscovery of this structure, there is a large amount of interest in exploration of this feature.  We have 
additionally identiﬁed a series of structures that may provide insight into the success or mainly lack of success that 
the independent oil companies have experienced in exploring the Ordovician “Trenton-Black River” (Nashville-
Stones River groups) play in southern Kentucky and Tennessee.  
 
Figure 3.  Middle Ordovician facies model from Walker et al. (1983).
Completion of Milestone (3): We also have made great progress in 3-D structural reconstruction of the Tennessee 
salient from Georgia to southwestern Virginia.  A presentation of the preliminary results of this analysis was made 
at the Southeast-Northeast Section meeting of the Geological Society of America in March (Whisner et al., 2004).
Completion of Milestone (4): Our presentations at professional meetings have been numerous (Hatcher, 2003 
presentation to the Tennessee Oil and Gas Association; Whitmer et al., 2003; Evenick and Hatcher, 2003; Evenick 
et al., 2004, and presentation to the Tennessee Oil and Gas Association; Hatcher et al., 2004; Whisner et al., 
2004), and we have published one paper (Whisner and Hatcher, 2003), have submitted an additional paper 
(Evenick and Hatcher, in review), and will be submitting additional papers for publication in the near future.  All 
abstracts and papers have been submitted as required to DOE.  Any feedback would be welcome.
Completion of Milestone (5):  A paper on thrust tectonics in an American Association of Petroleum Geologists 
Memoir that has been in press for several years is now scheduled for publication hopefully in 2004.
Speciﬁc Activities
Deﬁned Milestone-Related Activities.  In addition to analyses of existing thermal data modiﬁed by data from oil 
and gas occurrences and ﬁelds in the southern Appalachian basin, RDH accompanied Dr. John Repetski (USGS) 
to the ﬁeld in July 2003 to collect additional samples from Ordovician rocks and to sample the Mississippian 
carbonate rocks from the Plateau across much of the Valley and Ridge to obtain new CAI data.  These new data 
will be used to compare Ordovician and Mississippian thermal regimes and to determine thermal gradients that 
existed in the late Paleozoic between the Ordovician and Mississippian rocks.  The results from the Mississippian 
sampling are not yet available but should be soon.
 We have been successful in better characterizing a number of the reservoirs that exist particularly in the 
Ordovician of this area.  We ﬁrmly believe at this point that the hydrocarbons that occurred in Ordovician 
rocks in this region have a source in the carbonate rocks in which the hydrocarbons occur based on structural 
and stratigraphic criteria, as well as the geochemistry analyses conducted by Dr. Robert Burruss (USGS) on 
hydrocarbon samples from this area.  Conﬁrmation of the Ordovician carbonates source generates additional 
possibilities for hydrocarbon occurrences and reservoirs.  We also have recognized speciﬁc new plays, one 
beneath the Chattanooga shale (Devonian-Mississippian boundary) unconformity where pre-Chattanooga 
structure exists beneath the Plateau and throughout the region that has not been recognized previously (Fig. 4).  
This opens up a new fairway for plays beneath the Cumberland Plateau and Highland Rim in Tennessee, Kentucky, 
and northern Alabama.  This discovery may help explain the poor success that independent oil and gas companies 
have experienced in exploring the Ordovician reservoirs.  Until now there has been no viable exploration model 
for the Ordovician that has proved useful over the entire region.
 3-D reconstruction has been concentrated largely in the deformed parts of the Appalachian basin, and we are 
now putting together palinspastic sections and maps that provide superior information about the location of the 
platform margin during the Ordovician and the conﬁgurations of Ordovician and younger clastic wedges.
Geophysical Log Analysis and Correlation.  The geophysical log analysis and correlation that was outlined in 
the 2002-03 report (Evenick and Hatcher, 2003; Fig. 5) has been extended well beyond Tennessee and southern 
Kentucky into southwestern Virginia and as far north as southern West Virginia and Ohio.  This permits us to 
construct very precise structure maps to locate plays in the southern Appalachian basin and conduct much more 
detailed analysis of pre-Chattanooga structures (Fig. 6) over a wider area than we had anticipated and that has 
ever been conducted before.
 Geologists with the small independent companies that do most of the exploration, drilling, and producing 
of hydrocarbons in Tennessee, southern Kentucky, and southwestern Virginia have traditionally recognized only 
the broad stratigraphic subdivisions used farther north in the Appalachian basin for the Ordovician and mostly 
thought in terms of the “Black River” and “Trenton” Groups of New York.  The equivalent units, the Stones River 
and Nashville Groups, have long been subdivided in Central Tennessee from surface exposures (Wilson, 1949, 
1962).  Farmer and Holyday (1999) demonstrated that the lower Stones River Group in Central Tennessee is 
readily divisible using geophysical logs from water wells.  We have now demonstrated that both the Stones River 
and Nashville Groups are divisible by making detailed comparisons of the characteristics and thicknesses of 
surface exposed units and their characteristics in geophysical logs (Fig. 5).  The key is to locate the two distinctive 
K-bentonite layers (lower “pencil cave” or Deike bentonite, and upper “mud cave” or Millbrig bentonite) at 
the top of the Stones River Group, then work upward through the shaly limestone of the Hermitage Formation 
and massive Bibgy-Cannon Limestone into the shaly Catheys-Leipers limestone interval; each unit has easily 
recognized geophysical log signatures.  The section downward from the bentonites is also equally divisible into 
the massive Carters Limestone (containing the bentonites at the top), the thin-bedded shaly Lebanon Limestone, 
Figure 4.  (a)  Geologic map 
and cross section of part of the 
Columbia, Tennessee quadrangle 
showing the truncation of the 
Ordovician and Silurian rocks 
beneath the (Chattanooga Shale-) 
Ft. Payne Chert unconformity.  (b) 
Geologic map of the Buffalo Val-
ley quadrangle, Tennessee, and 
structure contours constructed 
on the (Chattanooga Shale-) Ft. 
Payne Chert unconformity (red) 
and on the base of the Catheys 
Formation.  The red contours 
reﬂect eastward dip off the Nash-
ville dome (see Fig. 1), whereas 
the black contours reveal a series 
of anticlines and synclines in the 




Figure 5.  (a) Type gamma ray, neutron, and resistivity 
logs for the Niddle and Upper Ordovician rocks be-
neath the Cumberland Plateau in Tennessee, Kentucky, 
and southwesternmost Virginia.  (b)  Composite section 
with several gamma ray logs  from the subsurface of the 
Cumberland Plateau in Tennessee.
the massive Ridley Limestone, the thin shaly Pierce Limestone, and the more massive Murfreesboro Limestone.  
The discontinuous Wells Creek (or Pond Springs, Blackford, or Douglas Dam Member) Dolomite, deposited on the 
Knox (Lower Ordovician) unconformity, also has a distinctive geophysical log signature.  Some structural mapping 
of recognizable horizons has been carried out (Fig. 6), but wells are largely concentrated in small areas with less 
regional coverage making it more difﬁcult for us to conduct structural analysis over large areas and resolve the 
detailed structure beneath the Cumberland Plateau.  We expect to be able to accomplish this during year 3 of the 
project. 
Field Studies of the Middle Ordovician Tellico-Sevier Basin.  Detailed geologic mapping of parts of the Tellico-
Sevier basin in southeastern and northeastern Tennessee are largely complete, with current efforts directed toward 
basin reconstruction and analysis following retrodeformation of the late Paleozoic structure.  We are at present 
involved in reconstructing the basin with the knowledge (Hatcher et al., 2004) that this basin is not a foredeep as 
had been hypothesized by many geologists in the past (Walker et al., 1983; Mussman and Reed, 1986).  We now 
recognize based on our work in this basin, and that by Kellberg and Grant (1956), that the Tellico-Sevier basin is 
not a classic foredeep but is more likely a basin developed >200 km into the platform.  Kellberg and Grant (1956) 
Figure 6.  Structure contours on top of the “pencil cave” (Deike) bentonite (near the top of the Carters Limestone) based on 
882 wells near Livingston, Tennessee.  Thered dots are anomalous highs based on likely erroneous drillers’ picks in individu-
al wells.  Removal of these highs still leaves a large amount of strucvtural relief in the Stones River Group.
recognized that pebbles in conglomerates are composed of platform, rifted margin, and Grenvillian basement 
lithologies, and dominated by limestone (Fig. 7).  There is no vestige of early Paleozoic volcanic and distal margin 
sedimentary rock clasts, as would be expected if this were a foredeep basin in front of a thrust-loaded margin.  
The coarser clastic rocks disappear to the west, and the ﬁne clastics thin and give way to carbonate platform rocks 
still farther west (Fig. 3).  The Sevier basin could be a forebulge basin (Hatcher et al., 2004) (Fig. 8), but the ~3 km 
accumulation may be too think for a classic forebulge like that in front of the Antler orogen in Nevada-Utah (Giles 
and Dickinson, 1995).  This revision in basin architecture and basin concepts helps explain why there may be less 
organic-rich shale in this basin than was previously thought and that long-distance migration of hydrocarbons into 
reservoirs tens of kms to the northwest may not have occurred.  Industry seismic reﬂection data (Fig. 9) indicate 
the structure at depth is much more complex than revealed by geologic surface data (e.g., Hardeman, 1966).
Figure 7. Sawed conglomerate samples from Fincastle, Virginia (upper left), South Holston Dam, Tennessee (upper right), and 
Cisco, Georgia (bottom) and clast counts (by Kellberg and Grant, 1956). Note the dominance of limestone clasts.
Figure 8. Crustal model for formation of a foreland basin, forebulge and a back-bulge basin in response to loading of a conti-
nental margin by thrust sheets.
Figure 9. (a) Industry seismic reﬂection line in Cocke County, Tennessee, across part of the syncline preserving Middle Ordo-
vician rocks.  (b)  Cross secton interpretation of the seismic reﬂection data.
GROUNDWORK TOWARD REMAINING MILESTONES
Exploration Models.  All of our efforts to date in this project have focused downstream on the formulation 
of exploration models.  We believe that we have been very successful to date in this undertaking.  We have 
developed a new exploration model and paradigm for the Ordovician fairway and identiﬁed several plays beneath 
the Plateau and Highland Rim in Tennessee and Kentucky, southwest Virginia, and southern West Virginia.  We 
have identiﬁed a major structure in the western part of the foreland fold thrust belt that, if proved productive, 
will justify the project by a factor of several tens or hundreds of its original cost.  We feel that the formulation 
of a rigorous basin model for the Tellico-Sevier basin will become a springboard to reﬁning future models for 
exploration along the platform margin.
Construction of Reservoir Probability Maps.  The construction of reservoir probability maps is also a component 
toward which we have been working throughout the project and with the breakthroughs in log correlation and 
deﬁning structures beneath the Chattanooga unconformity, we feel that construction of probability maps for 
exploration within the Ordovician petroleum system will be possible during Year 3 of the project.  This effort 
would be greatly enhanced through funding of the proposal submitted in February 2004.
CONCLUSIONS
1.  All current milestones have been met and other components of the project have been functioning in parallel 
toward satisfaction of year-3 milestones.  We also have been effecting the ultimate goal of the project in the 
dissemination of information through presentations at professional meetings, convening a major workshop in 
August 2003, and the publication of results.  
2.  Our work in geophysical log correlation in the Middle Ordovician units is bearing fruit both revealing that the 
criteria developed locally in Tennessee and southern Kentucky have much greater extensibility than anticipated 
earlier.  
3.  We have identiﬁed a major 60 mi-long structure in the western part of the Valley and Ridge thrust belt, the 
Eureka structure, that is generating considerable exploration interest.  If this structure is productive, it will be one 
of the largest producing structures in the Appalachians.  
4.  We are completing a more quantitative structural reconstruction of the Valley and Ridge than has been made 
before.  This should yield major dividends in future exploration in the southern Appalachian basin.  
5.  Our work in mapping, retrodeformation, and modeling of the Sevier basin is a major component of the 
understanding of the Ordovician petroleum system in this region.  Prior to our undertaking this project, this system 
was the least understood in the Appalachian basin.  
6.  We have made numerous presentations, convened a workshop, and are beginning to disseminate our results in 
print.  
7.  This project, in contrast to many if not most programs undertaken in DOE laboratories, has a major educational 
component wherein three Ph.D. students have been partially supported by this grant, one M.S. student partially 
supported, and another M.S. student fully supported by the project.  These students will be well prepared for 
professional careers in the oil and gas industry.
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are known oil-producing intervals.  These facies extend into the Valley and Ridge to the footwall of the Clinchport–Whiteoak Mountain 
thrust system from E of Chattanooga, TN into SW VA. To the E, the thin platform carbonate bank facies changes to a thickened, more 
bank-edge facies then to a very thick siliclastic basin facies.  The thickening carbonate facies marks the approximate western edge of the 
Taconic back-bulge (Middle Ordovician) and foreland (Upper Ordovician) basins. Palinspastically restored cross sections locate the eastern 
edge of the Ordovician carbonate bank 50-75 km E of the Clinchport–Whiteoak Mountain fault, at approximately today’s TN-NC border.  
Recognition of the continuity in stratigraphy over this wide an area has both stratigraphic and tectonic implications, but also is important 
because the Stones River–Nashville Groups are known hydrocarbon producers and comprise a deﬁnable petroleum system.  The region W 
of the Clinchport–Whiteoak Mountain fault system lies in the oil/gas window.
Hatcher, R. D., Jr., Whisner, S. C., Bream, B. R., Miller, C. F., Heath, M. A., II,, 2004, Sediments Derived from Mountain Chains do not Always Land in 
Foredeeps: Southern Appalachian Sevier-Blountian Basin Dynamics: Geological Society of America Abstracts with Programs, v. 36, no. 2, p. 92.
The Middle Ordovician southern Appalachian Sevier–Blountian clastic wedge ﬁlled a basin that extended from GA to VA.  From TN into VA 
the Late Ordovician Martinsburg basin, likely the central Appalachian foredeep, is a successor atop the Sevier–Blountian basin.  Clastics 
in both were derived from the southern Appalachian-central Appalachian internides, earlier termed “tectonic land,” Taconian highlands, or 
obducted arc; both basins were called foredeeps.  Clasts in conglomerates at the same stratigraphic level on the eastern ﬂank of the basin 
are composed predominantly of Cambro-Ordovician platform carbonates, with some 1.1 Ga basement, and Lower Cambrian rifted-margin 
clastics.  Twenty-four Middle Ordovician Sevier Shale detrital zircon ion microprobe analyses contain only pre-Paleozoic cores, duplicating 
ages from nearby rifted margin detrital zircon analyses.  Detrital zircon analyses from Ordovician to Pennsylvanian clastics derived from 
the southern Appalachian and central Appalachian internides (Gray and Zeitler; Eriksson et al.; Becker et al.) reveal few Paleozoic cores 
until the Carboniferous, indicating late Paleozoic unrooﬁng of the southern and central Appalachians.  The easterly source must be an 
uplifted part of the Laurentian rifted margin—probably the peripheral bulge in front of the obducting Early to Middle Ordovician (480-460 
Ma) volcanic arc-ocean crust. Palinspastic reconstructions of the Alleghanian foreland fold-thrust belt, Blue Ridge-Piedmont thrust sheet, 
and pre-Alleghanian terranes, require that the Sevier–Blountian basin formed as much as 300 km from the Middle Ordovician Laurentian 
margin, not adjacent to the obducted oceanic crust.  The Sevier–Blountian basin is more likely a modiﬁed back-bulge basin, more 
similar to that NW of the Taranaki retroarc foredeep NW of New Zealand than to a classic foredeep.  A better candidate for the southern 
Appalachian Middle Ordovician foredeep basin is the Mineral Bluff sequence preserved above an unconformity in the Murphy syncline in 
the Blue Ridge-Piedmont sheet in NC and GA.  Paleozoic uplift of the Cincinnati arch peripheral bulge may have begun with Late Middle 
Ordovician to Late Ordovician uplift in response to formation of the Martinsburg foredeep.
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Identifying Possible Pre-Chattanooga Structures in the Cumberland Plateau of Kentucky and Tennessee Using Trend-Surface Residual 
Anomaly Maps
JONATHAN C. EVENICK and ROBERT D. HATCHER, JR., University of Tennessee, Department of Earth and Planetary Sciences, Knoxville, 
TN 
New maps have been constructed for the Cumberland Plateau of Kentucky and Tennessee to investigate the possibility of Pre-Chattanooga 
structures in the Ordovician rocks beneath the Plateau.  The main horizons mapped include the tops of the Nashville (Trenton/Lexington), 
Stones River (Black River/High Bridge), and Knox Groups along with the Chattanooga Shale and the Millbrig (Mud Cave) and Deicke (Pencil 
Cave) bentonites.  Other mapped units include the Wells Creek Dolomite, Copper Ridge Dolomite, Conasauga Group, Rome Formation, 
and top of basement, although limited data in the region limit the usefulness of these maps.  Overall, trend-surface residual anomaly (TSRA) 
maps are a more accurate mapping technique/ﬁlter that enables subtle structures to be more accurately identiﬁed.  The TSRA maps were 
constructed from standard structure contour maps and 1st- and 2nd-order trend surfaces.  The maps identify numerous isolated small-scale 
structures across the Cumberland Plateau (that are probably not connected) that could be targets for future exploration.  The western Valley 
and Ridge of Tennessee (west of the Whiteoak Mountain-Clinchport thrust) should also be explored further.  We have shown that the existing 
Rose Hill and Swan Creek ﬁelds are producing from Ordovician reservoirs that have identical geophysical well log signatures as those 
subsurface Nashville-Stones River units beneath the Cumberland Plateau.
Reexamination of the Sevier-Blountian Basin Through Detailed Geologic Mapping, Structural and Stratigraphic Analysis: Bays Mountain 
Synclinorium, Northeastern Tennessee
BULTMAN, JOHN G., HATCHER, ROBERT D. Jr.,and WHITMER, NEIL E., Earth and Planetary Sciences, University of Tennessee, Knoxville, 
TN
One key to understanding the development of the Middle Ordovician southern Appalachain Sevier-Blountian basin lies in detailed 
geologic mapping.  Key subdivisions have been identiﬁed that permit more accurate estimates for the thickness of the Sevier Shale.  New 
detrital zircon and existing sedimentological data suggest the Sevier-Blountian basin is a back-bulge basin. Detrital zircon analyses from 
Ordovician to Pennsylvanian foreland clastics reveal few Paleozoic zircon cores until the Devonian and Carboniferous, indicating late 
Paleozoic unrooﬁng of the southern and central Appalachians.  Palinspastic reconstructions of the Alleghanian foreland fold-thrust belt 
require the Sevier-Blountian basin to be formed as much as 300 km inboard from the Middle Ordovician Laurentian margin.  Furthermore, 
easterly derived conglomerate in the lower third of the section on the eastern ﬂank of the basin is composed predominantly of Cambrian-
Ordovician platform carbonates, and includes fewer 1.1 Ga basement and Cambrian rifted-margin and platform clasts. Regional isopachs 
and previously unidentiﬁed structural features in the basin may identify locations and migrations of the palinspastically restored forebulge 
and back-bulge basin.  Isopach maps and 2-D backstripping curves would provide additional evidence for timing, possible depocenter 
migration, and subsidence rates for the basin. Facies and thickness information from new detailed geologic mapping helps deﬁne the role 
the back-bulge played in tectonic loading and deposition rates.  A new model for Sevier-Blountain basin dynamics has been formulated 
based on our new data that better delineates thickness and facies variations.
